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WHAT IS CLAIMED IS: 

l5i/4o 1. A light- werght golf club shaft comprising: 

2 a first angled layer; 

3 a first straight layer formed on said first angled layer; 

4 a second angled layer formed on said first straight layer; 

5 a second straight layer formed on said second angled layer; 

6 said shaft having a length along a longitudinal direction; 

7 each of said layers extend over said length of said shaft and includes fiber- 
J j5 8 reinforced composite material, said fiber-reiAforced composite material containing 
;]= 9 reinforcing fibers; \ 

U io said reinforcing fibers of said second angled layer being oriented at an 

V J 1 1 angle relative to said longitudinal direction of said shaft; and 

; ' _ 12 said second angled having at least one of said, angle and a thickness 

Cl 13 effective provide said shaft with a torsional strength of at least 120 

¥ ' s 14 kgfx mxdegrees and a weight of from 30 to 40 g. \^ 

=jl 1 2. A light-weight golf club shaft according to claim 1,. wherein said 

2 reinforcing fibers of saidteecond angled layer are oriented at an angle in a range 

3 of from 35 to 75 degrees rblative to said longitudinal direction of said shaft. 

1 3. A light- weightlgolf club shaft according to claim 1,, wherein said 

2 reinforcing fibers of said seftdnld angled layer are oriented at an angle in a range 

3 of from 60 to 75 degrees relative to said longitudinal direction of said shaft. 

1 4. A light-weight goW club shaft according to claim 1, wherein said 

2 reinforcing fibers of said second angled layer are oriented at an angle in a range 

3 from 65 to 70 degrees relative tA said longitudinal direction of said shaft. 
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1 5 . A light-weight golf club shaft according to claim 1 , wherein said layers 

2 are effective to provid^ said shaft with a crushing strength of at least 10 kg/ 10 

3 mm. 

1 6. A light- weight golf club shaft according to claim 1, wherein: 

2 said reinforcing fibers of said second angled layer are oriented at an angle 

f 

3 in a range of from 35 to 75\degrees relative to said longitudinal direction of said 

4 shaft; and 

5 said layers are effective to provide said shaft with a crushing strength of 

6 at least 1 0 kg/ 1 0 mm. 

1 7. A light-weight golflclub shaft according to claim 1, wherein: 

2 said reinforcing fibers of said second angled layer are oriented at an angle 

3 in a range of from 60 to 75 degrpes relative to said longitudinal direction of said 

4 shaft; and 

5 said layers are effective to, p ov\de said shaft with a crushing strength of 

6 at least 10 kg/ 10 mm. 

1 8. A light-weight golf clurTsKaFE according to claim 1, wherein: 

2 said reinforcing fibers of saiti second angled layer are oriented at an angle 

3 in a range from 65 to 70 degrees relative to said longitudinal direction of said 

4 shaft; and 

5 said layers are effective to provide said shaft with a crushing strength of 

6 at least 10 kg/10 mm. 

1 9. A light-weight golf club shaft according to claim 1, wherein said 

2 second angled layer has a thickness in a (range of from 0.04 to 0. 1 mm. 
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10. A light-weight Jgolf club shaft according to claim 1, wherein: 
said reinforcing fibdtrs of said second angled layer are oriented at an angle 

in a range of from 35 to 75 fifegrees relative to said longitudinal direction of said 
shaft; and 

said second angled layer has a thickness in a range of from 0.04 to 0. 1 mm. 

1 1 . A light-weight golf club shaft according to claim 1, wherein: 

said reinforcing fibers on said second angled layer are oriented at an angle 
in a range of from 60 to 75 degrees relative to said longitudinal direction of said 
shaft; and 

said second angled layer hate a thickness in a range of from 0.04 to 0. 1 mm. 



12. A light-weight golf club sha 
said reinforcing fibers of said sec 



ccording to claim 1, wherein: 
tnd angled layer are oriented at an angle 



in a range of from 65 to 70 degrees r^lati ye to ^aid longitudinal direction of said 
shaft; and \ 1 

said second angled layer has a thickness in a range of from 0.04 to 0. 1 mm. 

13. A light-weight golf club shaft according to claim 1, wherein: 
said layers are effective to provide said shaft with a crushing strength of 

at least 10 kg/ 10 mm; and 

said second angled layer has a thickness in a range of from 0.04 to 0. 1 mm. 

14. A light-weight golf club shaft according to claim 1, wherein: 

said reinforcing fibers of said second angled layer are oriented at an angle 
in a range of from 35 to 75 degrees relative tc\said longitudinal direction of said 
shaft; 

said layers are effective to provide said\shaft with a crushing strength of 
at least 10 kg/ 10 mm; and 
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said second anglefl layer has a thickness in a range of from 0.04 to 0. 1 mm. 

15. A light- weigm golf club shaft according to claim 1, wherein: 

said reinforcing fibers of said second angled layer are oriented at an angle 
in a range of from 60 to 75 degrees relative to said longitudinal direction of said 
shaft; 

said layers are effective to provide said shaft with a crushing strength of 
at least 10 kg/ 10 mm; and 

said second angled layej" has a thickness in a range of from 0.04 to 0. 1 mm. 

16. A light-weight golnclub shaft according to claim 1, wherein: 

said reinforcing fibers ofteaid second angled layer are oriented at an angle 
in a range of from 65 to 70 degrees relative to said longitudinal direction of said 
shaft; 

said layers are effective to ^rovidlj said shaft with a crushing strength of 
at least 10 kg/ 10 mm; and 

said second angled layer has a\thickness in a range of from 0.04 to 0. 1 mm. 

17. A light-weight golf club shaft according to claim 1, wherein: 
said shaft has a small-diameter\end and a large-diameter end; 
said first angled layer has a first thickness near said small-diameter end of 

said shaft; 

said first angled layer has a secondj thickness near said large-diameter end 
of said shaft; and 



said first thickness is substantially 



wice said second thickness. 



18. A light-weight golrclub shaft according to claim 1, wherein said 
2 reinforcing fibers include organic, inorganic and metal reinforcing fibers. 
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1 IV. A light-weight golf club shaft, said shaft having a length along a 

2 longitudinal direction, comprising: 

3 a first angled layer; 

4 a first kraight layer formed on said first angled layer; 

5 a secondXangled layer formed on said first straight layer; 

6 a second straight layer formed on said second angled layer; 

7 each of said\ayers extend over said length of said shaft and include fiber- 

8 reinforced composite material, said fiber-reinforced composite material containing 

9 reinforcing fibers; \ 

1 0 said reinforcing fibers of said second angled layer oriented at an angle in 

11 a range of from 35 to 75 degrees relative to said longitudinal direction of said 

12 shaft; \ 

1 3 said second angled layer has a thickness in a range of from 0.04 to 0. 1 mm; 

14 said shaft has a smajn-^Weter end and a large-diameter end; 

1 5 said first angled layer has a\first thickness near said small-diameter end of 

1 6 said shaft; \ 

1 7 said first angled'layer has a second thickness near said large-diameter end 

18 of said shaft; \ 

1 9 said first thickness is substantially twice said second thickness; and 

20 said layers are effective to provide Isaid shaft with a torsional strength of 

21 at least 120 kgf x m x degrees and a weight of from 30 - 40 g. 

1 20. A method for forming a golf club\shaft around a mandrel having a 

2 length along a longitudinal axis, the steps composing: 

3 forming a first reinforcement layer from \ first fiber material, said first 

4 fiber material having fibers aligned along a single direction; 
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5 forming a first angled layer from second and third fiber material, said 

6 second and thira materials having fibers aligned along a single direction; 

7 bonding sakl second and third materials together to form said first angled 

8 layer, such that saidVibers of said second material form a first angle with said 

9 fibers of said third material; 

1 0 forming a first straight layer from a fourth fiber material, said fourth fiber 

1 1 material having fibers alignted along a single direction; 

1 2 forming a second anglVi layer from fifth and sixth fiber material, said fifth 

1 3 and sixth materials having fibers aligned along a single direction; 

14 bonding said fifth and sixth fiber materials together to form said second 

1 5 angled layer, such that said fibers of said fifth and sixth material form a second 

16 angle in the range of from 70- l^y degrees and said second angled layer has a 

1 7 thickness in the range of from OfQdAo 0.\ mm; 

1.8 forming a second straight layer fron\a seventh fiber material, said seventh 

1 9 fiber material having fibers aligned along a single direction; 

20 forming a second reinforcement layer ifcom an eighth fiber material, said 

2 1 fiber material having fibers aligned along a single direction; 

22 wrapping said first reinforcement layer around said mandrel such that said 

23 fibers of said first reinforcement layer are aligned 90 degrees with respect to said 

24 longitudinal axis; ' \ 

25 wrapping said first angled layer around said first reinforcement layer such 

26 that said first angle of said fiber material of said first angled layer is bisected by 

27 said longitudinal axis; \ 

28 wrapping said first straight layer around said first angled layer such that 

29 said fibers of said first straight layer are aligned with said longitudinal^axis; 
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wrapping said second angled layer around said first straight layer such that 
said second angle of said fiber material of said second angled layer is bisected by 
said longitudinal Wis; 

wrapping said second straight layer around said second angled layer such 
that said fibers of saidN^econd straight layer are aligned with said longitudinal axis; 

wrapping secpna reinforcement layer around said second straight layer to 
form a layered wrap, sucrVthat said fibers of said second reinforcement layer are 
aligned with said longitudinal axis; 

curing said layered wrap in an oven to form a cured shaft; 

removing said mandrel from said cured shaft; and 

trimming ends said curedshaft to produce said golf club shaft. 
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